Abstract-Author's recent work has been focused on exploring possibilities for measuring partial discharges (PDs) under the action of pulse width modulated waveforms (PWM), which resulted in a development of an electrical measurement method adopted for such voltages. This solution allows a more flexible PD analysis since voltage shapes appearing in service can be utilized. In this paper, results are presented where several waveforms are applied to quantify the PD properties for motor wire test objects, starting from a non-filtered PWM waveform and continuing with gradually smoothened ones towards an AC voltage shape. The results suggest that non-smoothed PWM voltage introduces considerably more PDs and with larger magnitudes, which most probably influences the lifetime of the insulation system in all tested cases. Additionally, above a certain level of filtering, the use of lower carrier frequencies implies higher PD exposure, which suggests that the filters used should be evaluated together with the carrier frequency to ensure a longer lifetime of the insulation. It was also observed that the changes in duty cycle reduce the PD density at higher frequencies. This suggests that only applying square voltage waveforms with 50 % duty cycle for PD testing may fail to capture the actual stress inflicted.
INTRODUCTION
The need of a more efficient control of the energy conversion equipment has increased the use of power electronics, particularly in electric motors, where a common approach is today to utilize the so called pulse width modulated voltage (P WM) waveforms. Resent research suggest however that such stresses affect insulation systems negatively, as they yield an increased amount of partial discharges (P Ds) due to a presence of high frequency components in the applied voltage. As the phenomenon causes serious degradation and early failures, especially in enamel wire wounded motors, there is therefore a need for monitoring it and developing precaution means. For limiting the degradation, electrical filters are utilized to smooth the PWM pulses, as the frequency content influences the lifetime of insulation systems. Such techniques are however adding costs to the design.
PD measuring techniques, according to IE C 60270, are primarily utilizing the vast difference in frequency content between the applied voltage and the PD signal. A similar detection of partial discharges at a PWM voltage is however difficult as its frequency content is considerably higher than the power frequency. Thus several approaches have been
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suggested to meet this challenge [1, 2] . Different voltage patterns have been proposed [3, 4] with the aim of recreating similar PD characteristics as within an insulation system exposed to actual PWM voltage. An example is a sinusoidal voltage with superimposed high frequency pulses [5] , which altogether are supposed to resemble the stress appearing on the windings in inverter drives due to contributions from reflections of steep voltage fronts. Other waveforms applied are square shaped voltages with different rise times and frequencies but extensively focusing on 50 % duty cycles [6] .
To overcome the difficulties arising when using the conventional measuring circuits, a time domain technique has recently been introduced, where the stochastic nature of PDs is employed to separate PD occurrences from the applied voltage [7, 8] (1)
MOTOR WINDING INSULA nON
General tests evaluating the performance of random wound motor insulation often employ a twisted wire pair test object [3] [4] [5] . This allows the study of shorter rise times as well as gradually smoothed with the test-setup illustrated in Thus, tests applying realistic wave forms, as in actual uses, on adequate types of insulation to further elucidate the PD characteristics have high priority. A natural hypothesis, due to the degrading nature of PDs, is that the PD exposure will be severely influenced by the smoothness of the applied voltage as presented in [2] . Therefore an investigation was performed on twisted pair test objects with a diameter of l.5 mm and a 40 /-1m insulation thickness, connected as illustrated in Fig. 1 with one wire to voltage and the other to ground. This test is supposed to resemble the electric stress appearing in a random wound motor. The test objects were prepared according to the standard requirements [12] .
The peak voltage level was chosen to be more than 10% above the inception voltage level at a Vpp of 2.5 kV, which was kept constant for all smoothness levels and frequencies employed during the first test.
In Fig. 2 an increased PD exposure for lower smoothness levels similarly as observed in [10] . It can be observed that more than one PD per polarity shift appears in each case and thus higher carrier frequency implies increased PD exposure. This is, however, only the case for lower smoothness as seen from For increasing smoothness, the use of 1 kHz carrier frequency introduces a higher amount of PDs. As is apparent from Fig. 3 the remaining voltage steps, superimposed on the sinusoidal waveform, are higher for the lowest frequency and V.
DEG RADATION TEST
As a complement to the electrical measurement, two test samples were exposed to identical number of cycles of PWM waveforms with different smoothness. One sample was Figure 5 . Number ofPDs detected fo r dif f erent carrier fr equencies and smoothness. Note that fo r low smoothness the detected number ofPDs exceeds the number of polarity shif t s within a given period but that this relation disappears fo r higher smoothness. 
VI. CONCLUSIONS
The results presented here together with similar Figure 6 . Surf ace degradation fo r a wire exposed to 8 Mc ycles of PWM wavef orm with smoothness level I and amplitude 2.5 kV pp. Note that the surf ace outside the contact area is severely more than fo r the shown in 7.
wavef orm with smoothness level 6 fo r 8 Mc ycles.
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observations in [2, 9] suggest that the base for the suggested relation between rise time and PD exposure seem to be valid in several insulation systems. To conclude these investigations, it is shown that the smoothness indeed affect both the peak amplitude and the number of PDs occurring.
Since the PD amplitude is often important for the lifetime of the insulation system, it must be noted that even corona resistant insulation, which is very efficient when applying sinusoidal waveforms, might be less successful at PWM voltages. Here the larger PD magnitudes result in a higher stress level on the outer insulation material. 
